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~ . The complex formation between tissue thromboplastins from different 
and human factor VII was investigated in the presence of calcium and 

other divalent cations. The calcium concentration needed to obtain ful l  
complex formation was dependent on the origin of the thromboplastin prepara- 
tion. Results indicate that a specific calcium binding site on thromboplastin 
is involved in the complex formation and subsequent activation of factor VII. 
The binding of calcium by this site is stronger than the binding by c i t rate,  
indicating that ci trate does not prevent activation of factor VII by tissue 
thromboplastin. 

Strontium, manganese, cobalt, magnesium, barium and zinc were decreas- 
ingly effective in the order l isted. 

Calcium ions are involved in several stages of the blood coagulation 

mechanism, among which is the activation of factor VII by tissue thromboplast- 

in. Calcium is necessary for the formation of a sedimentable thromboplastin- 

-factor VII-calcium complex in which factor VII is transformed into an active 

form (1-6). In studies on the activation of factor VII, efforts to recover 

the active factor by dissociation of the bovine thromboplastin-bovine factor 

VII complex with various reagents were without success (3,4). An inactive 

factor VII which could be completely reactivated by tissue thromboplastin was 

obtained after complete degradation of the phospholipids in the human thrombo- 

plastin-human factor Vll-calcium complex by phospholipase C (5). 

We studied the binding of calcium by tissue thromboplastin and the 

complex formation between thromboplastin, factor VII and calcium in order to 

obtain insight into the nature of this complex formation. In addition, the 
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capacity of other divalent cations to function in th is  complex formation was 

investigated. 

Materials and Methods 

Human brain thromboplastin was prepared and pur i f ied according to Hecht 
and Oosterbaan-Van L i t  (7). Porcine lung thromboplastin was obtained as 
described by Chargaff et al .  (8), with some modifications (9). Factor Vl l  was 
pur i f ied from fresh human plasma ( I0) .  The divalent metal ions were used as 
the i r  chloride sal ts.  Al l  preparations were made in 57 mM HEPES I adjusted with 
TRIS to pH 7.35 (HEPES-TRIS buffer) .  

Calcium binding was measured at 25°C by: a) the spectrophotometric 
method with murexide (0.14 mM) according to Ohnishi and Ebashi (11) using a 
Perkin-Elmer Model 356 double-beam, double-wavelength spectrophotometer; and 
b) the ["SCa]calcium isotope method in which thromboplastin samples were 
suspended in solut ions containing a constant amount of ["SCa]calcium and in-  
creasing concentrations of unlabeled calcium. After sedimentation of thrombo- 
p last in  by centr i fugat ion,  the rad ioac t iv i t y  in the supernatant was measured 
with a Packard Tricarb l iqu id  s c i n t i l l a t i o n  counter and used for calculat ion 
of free and bound calcium. The results were plotted according to Scatchard 
(12). 

Factor VII ac t i v i t y  was estimated according to the method of Lechner and 
Deutsch (13) as modified by Hemker et al .  (14). Tissue thromboplastin ac t i v i t y  
was determined in a two-stage assay (9). 

Mixtures of t issue thromboplastin and factor VII were prepared by taking 
about 20% excess of factor VII on an a c t i v i t y  basis as determined in the two- 
-stage thromboplastin assay by using l im i t i ng  thromboplastin/excess factor VII 
and excess thromboplast in/ l imi t ing factor VII mixtures. 

DFP treatment was accomplished by incubating the preparation under 
invest igat ion in the presence of 2.5 mM DFP for 90 min at pH 7.35 and room 
temperature. The residual a c t i v i t y  was determined af ter  d ia lys is  for 16 hours 
against the HEPES-TRIS buffer at 4°C. 

Results and Discussion 

Tissue thromboplastin and human factor VII, tested separately or 

together, were completely insensi t ive to DFP as were thromboplastin plus 

calcium or factor Vll plus calcium. However, DFP inactivated factor Vll in the 

thromboplastin-human factor VII-calcium complex. These results confirm 

preliminaryobservations of Nemerson (3). This dif ferent behaviour of non- 

activated and activated factor Vll towards DFP was applied as a tool to study 

the conditions for the calcium-dependent complex formation. 

The residual factor Vli act iv i ty  in mixtures of human factor VII and 

di f ferent,  purified thromboplastins at increasing calcium concentration after 

DFP treatment is shown in Fig. I. The results demonstrate that a much lower 

IAbbreviations: HEPES = N-2-Hydroxyethylpiperazine-N'-2-ethanesulfonic acid; 
TRIS : Tris-(hydroxymethyl)-aminomethane; DFP = Diisopropylfluorophosphate. 
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Fig. I. Residual factor VII activity of mixtures of human factor VII and 
different thromboplastins in the presence of increasing calcium concentration 
after DFP treatment and the amount of calcium bound by porcine lung thrombo- 
plastin at these calcium concentrations. 

calcium concentration than normally present in plasma is suf f ic ient  to produce 

complex formation. The calcium concentration ranges in which fu l l  complex 

formation occurs are rather narrow, especial ly for human brain thromboplastin. 

I t  is s t r ik ing  that this concentration range varies with the thromboplastin 

used. This suggests that complex formation is mainly governed by the binding 

of calcium to the part icu lar  thromboplastin. 

Consequently, the binding of calcium by the porcine lung thromboplastin 

was studied in detail by two d i f ferent  techniques. The plots of the spectro- 

photometric method reveal the presence of a strong and a weak calcium binding 

s i te  and probably an intermediate form (Fig. 2). The dissociat ion constants 

of the strong and weak calcium binding sites are 5 x IO-6M and 2 x 10-4M, 

respectively, as calculated d i rec t ly  from the Scatchard plot.  However, binding 

si tes which bind calcium less strongly than does murexide (dissociat ion 

constant 2.2 x IO-~M) are not detected by this method. Estimation of calcium 

6 6 0  



Vol. 77, No. 2, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

E 

W 
W 
rr 
LL 

U 
c~ 
Z 

0 
m 

+ 
+ 

U 

.5.0- 

4 . 0 -  

3.0 

2 .0 -  

\ ( ~ A L ^  A TP (USING 45Ca ++) 
0 TP (USING MUREXIDE) 
O PROTEIN MOIETY OF TP (USING MUREXIDE) 

0 I l I ~ i 
0 30 6 0  9 0  120 

Ca ++ BOUND ( n r n o l / m g  T H R O M B O P L A S T I N )  

Fig. 2. Scatchard plots of calcium binding at pH 7.35 by porcine lung 
thromboplastin (I mg/ml) and its purified protein moiety (I mg/ml). 

binding by using [~SCa]calcium showed very c lear ly  the strong and the in ter -  

mediate binding s i te  (dissociat ion constants 5 x 10-6M and 3 x 10-SM), while 

the horizontal part of the Scatchard plot  indicates the presence of at least 

two types of weak binding s i tes,  possibly together with nonspecific adsorption 

(Fig. 2). Thus, porcine lung thromboplastin contains three calcium binding 

si tes which bind stronger than does murexide and one or more binding sites 

which are weaker than that of murexide. The binding of calcium by the protein 

moiety of thromboplastin revealed that th is  part of the l ipoprotein binds 

calcium very weakly or only nonspeci f ical ly (Fig. 2). 

Fig. I shows that complex formation is most evident when 40 to 50 nMol 

of calcium are bound per mg of porcine lung thromboplastin. Fig. 2 shows that 

the calcium binding s i te with the dissociat ion constant of 3 x 10-SM is 

occupied at these values and could be involved in the complex formation with 

factor VII .  This binding s i te has a higher a f f i n i t y  for calcium than that of 

murexide and c i t ra te  (dissociat ion constants 2.2 x 10-3M and 6.75 x 10-~M, 

respect ively).  Thus, complex formation between thromboplastin, factor VII and 
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Table I. Effect of DFP on mixtures of porcine lung thromboplastin, 
human factor VII and calcium in the presence of murexide and citrate. 

AGENT ADDED 
RESIDUAL FACTOR VII ACTIVITY* (%) 

Untreated After DFP treatment 

None 80 25 
Murexide** 71 24 
Citrate** 68 27 

*Estimated after dialysis against the HEPES-TRIS buffer. 
**Concentration: 0.3 mM. 

Table II. Effect of DFP on a mixture of porcine lung thromboplastin 
and human factor VII in the presence of different divalent cations. 

CATION ADDED** 
RESIDUAL FACTOR VII ACTIVITY* (%) 

Untreated After DFP treatment 

Calcium 112 20 
Strontium 108 26 
Manganese 102 35 
Cobalt 80 50 
Magnesium 108 51 
Barium 42 54 
Zinc 87 81 

*Estimated after dialysis against the HEPES-TRIS buffer. 
**Salt concentration: 0.3 mM. 

calcium, and subsequent act ivat ion of factor  Vl l  would not be expected to be 

prevented by murexide and c i t ra te .  This was confirmed experimental ly as shown 

in Table I.  Therefore, the residual a c t i v i t y  curves in Fig. 1 can be consider- 

ed as the t i t r a t i o n  curves for  the calcium binding si tes which are involved in 

the complex formation. The di f ference between the curves of the two thrombo- 

plast ins suggests that the a f f i n i t y  of  th is  calcium binding s i te  of human 

brain thromboplastin is markedly higher than that of porcine lung thrombo- 

p last in .  These f indings may o f fe r  an explanation for  most of the d i f f e ren t ,  

unsuccessful attempts to dissociate the bovine and human thromboplast in-fact-  

662 



Vol. 77, No. 2, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

1 0 0 -  

>_ 7 5  

>_ 
I,-- 
U 

g 50 
p- 

tl_ 

~ 25 

oL 
0 

o 

o.__.L.__ ~ 

o \ 
\ 

o 

+4- 
Zn 

/ 

+4- 
Mn ,/ 

o -----.~..__ 0 

100  2 0 0  3 0 0  2 0 0 0  
T O T A L  C O N C  ( u M )  

Fig. 3. Residual factor VII activity of mixtures of human factor VII and 
porcine lung thromboplastin in the presence of increasing manganese or zinc 
concentration after DFP treatment. 

or VII-calcium complexes by the calcium chelat ing agents used (7,8,9) as well 

as for  the "react ing system that uses a very small amount of calcium, and that 

act ivates factor  VI I "  observed by Honorato et al .  (15). Furthermore, they 

indicate that the use of c i t r a te  as an anticoagulant is not sui table for  the 

prevention of the act ivat ion of factor  VII by thromboplastin released by 

t issue damage during the co l lec t ion  of blood. 

The resul ts  of  the experiments in which the capacity of  other d iva lent  

metal ions to par t i c ipa te  in the complex formation was compared with that of 

calcium are given in Table I I .  A f ter  DFP treatment, the lowest residual fact -  

or VII a c t i v i t y ,  so the best formation of an act ive complex, was obtained 

with calcium, while strontium and manganese were also funct ional .  Zinc was 

the least  capable ion. Some ions were studied over a broad concentration range 

to determine whether the values obtained at one concentration are represent- 

a t ive.  Fig. 3 shows that a zinc concentration of even 2 mM barely promotes 

act ive complex formation. The curve fo r  the reasonably funct ional manganese 
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resembles much the one for calcium shown in Fig. 1. 

These results demonstrate that specif ic physicochemical properties are requir- 

ed for the formation of an active complex between tissue thromboplastin and 

factor VII with respect to the necessary divalent cation and that calcium is 

by far the best cation. 
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